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INTRODUC TIow 

_ Am the field of fire control, one of the most important problems 
confronting the designer is that of furnishing an accurate solution for 
the contre] of fire from fixed guns earricd by an airplane flying along 
& curved path. In order to overcome this probdlen, sights of various types 
have been or are being designed. The type considered in this thesis is 
& gyro~computing, diaturbed-line-of-sight type of gunsight. With the 
computer case of the gunsight deing rigidly mounted te themructure of 


the attacking airplane, the foremost problem is to determine the effect 


“of any poentble motion of the compter case on the indicated sight 


prediction angle determined by the couputer. 
An dnl sight inetelled in an FPF type airplane will be used in this 


_ pRofect for the purpese of investigating the overall dynoute characterie- 
3 thes of a tvoreyre commuting syeten for scrodynamic~lesd pursuit courses. 
" Bome work of this nature has previously been fone by the Army Air Porees 


with « P38 type airplane et Eglin Picld, Florida, and by the M.2.7; 


" tapbremeatation Laboratory using an 4°26 pirplane at the Bedford Airport, 
Bedford, Massachusetts. 


, Tt 4e hoped thet information obteined by this thesis vill ve of 
value in the development progran of such a computing system, ac vell as | 
to provide information for escsesement and evaluation to the Aviation 


ss Avmament Dranches of the Army and Navy. 


In order to analyse the motion of an efreraft which is flying along 
& curved path, thie motion is resolved into three components about 


 mmtualy perpendicular axes, 1.0., deflection, elevation, and cross roll. 
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Since gyroscopic elements respond to angular velocity ingats wate reepect, : og 
© Mar Riek ppenee Thay ate Sank tm Center. Speen on erm in + the ee 


their spin axes with respect to the axes of motion of the computer ease. 
Originally it was intended that a three~gyre (each with a@ single degree 
of freedom) computing gunsight be used to investigate the problem. pe | 
sight had separate computer sections for motions about the elevation, — Foes ¥ 
deflection, and cross roll axes. The cross roll computer recolred notion 
about its exie inte proper inpute to the elevation and deflection computer 
systems so that the rell er bank of the airplane would intreduce sub- w 
stantially ne error to the predicted lead angles, Unfortunately, after ee 
this sight and the necessary asceeement equipment had been installed and 
boresighted in ean FEF type fighter aircraft, the plane ovached at. hid on oi 
its initial mission, Be equipment or exporimenta date was salvaged, 
However, since the calibration data was exceptionally good, indicating — a 
that the sight quite probably would have been an improvement over present 
designe, thie data has been included in Appendix I of this thesis so that 
it may be used as a criterion in the omminnnbies end calibration of ake 
another three~gyro computing gunsight. fate Ph vgebee 
Because the sight which vas Loot sents net Se replaend, ta tine So Hs 
complete the original thesis, a production model of the 4m) computing 
gunsight was used as a substitute. This type of sight has two computing 
sections, elevation and deflection, each utilizing a single~degree-of~ S 
freedom gyro. There is no oress roll computing section, in erier to 
compensate for errors which would be introduced by motion about the orese~ 
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roll axis of the airplane, the deflection gyro input aries is inclined ten 
degrese from the deflection exis of the airplane, This inclination reduces 
the input effect of the deflection component of the sain line angular 
velocity from Wyopy4 t0 Vio. y4 008 10°.* At the same time the inclination 
provides a component of the angular velecity of the computer case about 
the controlled line as an input te the deflection computing system equal 

in magnitude to W/.), sin 10", This imput moves the tracking index in 

@ direction to neutralize errors which are produced by motion about the 
erose~roll axis. 

The elevation prediction computer receives as inpute the effective 
eeeslenation Component parallel to the deflection axis, the angular 
velocity of the commter case about the elevation input axte, and the 

elevation sensitivity current, Ite output ie an angular displacement 
of Ate cnngnter shaft which is the input to the elevation indicating 
system.” 
. The deflection prediction computer receives as inputs the angular 
| velocity of the commuter case about the deflection input axis, and the 


_ deflection sensitivity current. The output of the deflection computing 


e system is an angular displacement of its computer shaft which is the 


 tapmt te the deflection indicating aystem. 


fhe elastic restraint stiffness motors on the computer shafts are 


he y. : f provided with seneitivity currents from the sensitivity control system. 
i, i. sensitivity control syetem normelly has inputs of present renge and 
ar nm rca entender rece ieee een ere ene 


——-*Se0 Symbols and Definitions 
| Theory and Compntations for the de} Sight for the Control of 


Detatiea 
Gunfire from Fixed Guns, Recketfire, sen ppehane Even Aarenet? Tole. 
’ ce . - ahs by the hpntrmnnaints ee boharanery. M.I.T, 
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atmospheric pressure. However, since this investigation wes concerned sth 
with the dynamic behavior of the prediction angle at specifie sonsttivi= A 
ties, a ewitch was inatalled to allow the pilot te select sensitivitios : 
of 2, 4, and 6 gseconte. The sensitivity varies inversely as the elastic : | 
restraint, an infinite restraint giving a sensitivity of sere. | 


This thesia 48 concerned with the control of gunfire from fixed 

@ans in an airplane which flies a pursuit course or curved path. 

Since the Arl sight in of the disturbed-line~of=sight type, indirect 
tracking control {s used. ‘The sight moves the tracking index “rackward’ 
from the controlled line by the amount of the predicted Lend angle tt aw 
computed. Normally, when tracking is started, the sight is caged until 2 nee 
_ the proper angular velocity impute are yooeived, then it is uncaged. if “8 : 
the controlled line conld be moved forward instentaneously by the cnount cy | 
of the correst indicated prediction angle vhen the aight is. uncaged, en 
instantaneous solution could be obtained . This ie obviously eemeitiae: : 
Decanse a finkte tine 4s required for the tracking Line te nove to the — 
correct position. This type of disturbed sight has exponential reponse 
characteristics so that theoretically 1t would require an infinite em 
of time for a perfect solution to be obtained. Vor practical suahatat td 
when 96 percent of the initial error has been eliminated, it is cone ered 
that a satisfactory solution hae deen attained. The tine interval r " 
ts called the solution fime, The solution time depends upon the dynante 
spepanas shape verdes Of Sn Same MEN ME BAAN, SE 
important elements to be investigated in this thesia, 


among sights, the sini siee number of the sight must be) known, The 
atebildty number, SY, te defined by the following equation: 


‘ 


ot 
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Stability maber ts direstly proportional to the gyro wheel speed and 
‘the Vincosity of the fiuid ip the computer shaft damper. Since the 
| @yree are ran by jaduction motors anf their apecd is constant (as 
determined by the epecd of the inverter), the damping is the only 
wapinble which my be changed, The damping was adjusted to give « 
etadanity number of 0.2. This petting was male by positioning the 
iC rheostat in the damper heater control oireutt. Finally, the nechanign 
sharaotoristic time ic defined as the ratie of the damping coefficient - 
to the elastic restraint on the computer shafts 


(1) 
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: Mince She anguies we ty vets m angle sensitivity ts alee inversely 
sy | 


£4 fottove Wah the stabiitty muaber 16 inepentant o¢ slastie reste, 


nt orate ot. rnahs tian vote eabetbonaes ete: Nnettn e. 
- stradat. Teretore, the stability muber te constast, depentent only 


upon the calivration sdjustaont of the commuter damping, It Des alee been 


| deternined that the tracking ratio is related to stadility maber su follows, ae 


rs m2 gs : iby ie fe) 


sot Vint thn aalatton tine related te stahtldty mater by the forma 


ste 3{ eae wey 2 ash. 


| Fae tyubete ant Defintvions for notation af oll equations, 
"toterence stated rae 3 for equations 1, 3, 3, 4, and 5. ' 
| -6- 


Por the rigorous treatment of this fire control probvlen, asvuming 
rol), stadilisation and motion restricted te the horizontal plane, typical 
solutions of the following equations have been obtained from the Reekefeller 
Differential Analyser of the Massachusetts Inetitute of Technology* It can 
be seen from the equations that angle of attack and target angle vary through- 
out the problem. § (yp) 1s maintained constant. | 


hy * Ty con A, ~ ¥, cos (P= 0). # (6) 
, <u v/s | 
0 Fay iy Bey vere ee Cp ways + 


s a 
2 = say - 8 
vad 5) (WP) a oe 
tee v , 
Ape A etn ir, -a)-7 sin Ay # (9) 


Yor the experinental ae well as for the exact solution of the problem, — 
certain limitations imposed by operational aspects should be considered, 
With the many paraaeters which can be varied, it is necessary to limit 
the scope of the problem te one type of pursuit curve. For this project | 
St wan decided to use only one type of run, restricting 1% to the herisontel — 
plane, with én initial target angle between 90 and 180 degrees, The ratio 
Of speeds of the attacking and target planes was about two. The angle of 
attack, although not seve in the actual problem, fe assumed to be initially — 
sore ané ia not eeneihonms throughout the solution of the experimental 


*see Lopate, tt 
 $ndtial condlt: 
Fang thesis saiioida “an investigation of the Performance ‘meaty on 


iy Planre 2, plote of these volutions ant fer defining an 


a Computing System for Aiy~to-Air Interception,” submitted 
ia. rb yor re. Refo, Brace, Game , and Craig, vo", for Covelopaen © 
equations, 


problem, although it is taken into account by the A-1 sight. The 
sonsitivities selected were 2, 4, ani 6 seconis; close, medium, and 


‘ long Panges. 
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CHAPTER 1 
APPARATUS 
I, AIRPLANES . n § Be 
An P7P-2N airplane (night fighter), assigned te the Naval Air Test | 
Center, Patuxent River, Maryland, wae used for this project. This plane, a 
Bureau Bumber 80294, arrived at Squantum Naval Air Station on July 22, 
1947, for the purpose of calibration of « previously installed 4-2 uni~ . 
vorsal type gunsight by the Instrumentation laboratory of the Massacha- 
setts Institute of Technology, The gunsight was instalied in the airplane 
by the Naval Air Modification Unit, Johneville, Pennsylvania, Pernission 
was granted for the use of the F7F sirplane, upon completion of laboratory 
calibration of the gunsight, in obtaining experimental date for this 
project, ape 
the target airplane ie an SEJ~4 type which is used extensively by 
the Army and Havy for training purposes. This airplane ie one of the 
normal complement of planes used for training flights at Squantum Naval 
Air Station. | 
The original apparatus for thie project chuskintiek of an F6F type 
airplane in which was installed a three gyro version of the A-l computing. s 
goneight, designed and built dy the Instrumentation Laboratory at H.I.9.. 
After calibration and installation of the gunsight in the airplane; a 
mechanical failure in the engine in the vicinity of Graves Light, Boston ‘3 
Maver, voutlies is a water lenking and complete leen of plane and suniee © 
ment.” At the time of the acefdent, flight test calibration was being 
conducted in order te obtain angle of attack date fer various airspeeds 
os well as mking a preliminary check for proper sight operation, 


* See Appendix I for details of calibration and installation of this 
gunsight. 


ve 
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‘Unfortunately no actual flight test data vase obtained. 


II, GuslaH? 

A production model A~1] computing gunsight, built by the A.C, Spark 
Plug Company, was used in thie investigation. This sight, and its opera- 
tion, are described elsewhere in thie thesis, 

Boresighting of the gunsight was accomplished by use of normal bore= 
sight equipment furnished by the manufacturer of the plane, Lifting 
jacks for leveling the plane and a portable soreen were provided by 
facilities at the Squantum Neval Air Station. 


III, CAMERAS AND ASSESSMENT 
fwe GSAP Bell and Howell cameras were used in obtaining tracking 
and flight data, The cameras were magasine loaded, exch magazine con- 
taining 50 feet of 16 mm. film. One camera was mounted in the radar 
operator's position (rear seat of the F7V), in order to photograph the 
sirepeed meter, altimeter, accelerometer, aweepsecond cleck, andi the 
Dank indicater, The other camera was mounted on the sight head to 
. photograph the sight reticle, camera reference marker, and the target 
plane.” 

Satisfactory photography was obtained with negative panchromatic 
‘film, speed 28, ueing stop f.11, and a shutter speed of 1/50th second. 
(All film was processed by the photographic personnel at the Novel Air 
‘Station, Sqantun, Massacinsetts. 


&stailed camera circuitry and mounting, see Appendix I, Sec. 6 


Ju 


re Ae tbs mn nee a 
oe aseevsment . he projectors were adjustable vith respect to a fixed 
ss @aldbration screen. By means of 100 mil calibration marke on o00 cot 
of exposed Fim, obtained while doresighting, the screen calibration — 


ss ss thon sereen could be measured directly in mile. 


CRAPTER II 
PLIGHT PROCEDURE 


Por the purposes of this report, a mission is defined as a flight 
during which sufficient runs were made to completely expose fifty feet 


of assesoment camera film (approrimately six runs). Missions flow in 


the course of this investigetion included two familiarization ani teat 


flights, and four missions on which data was taken. 


The two familiarization and test miseions were made in order te 


‘gheek the proper operation of the assessment caneras and to familiarise 
the pilot of the attacking airplane in the operation of the gunsight ani 
in the type of rune desired. 


Missions for record were wade as follows; 


Be 


v, 


The attacking and target airplanes joined up at an 
altitude which gave freedom for maneuvering and proper 
Lighting for photography. 

The target sirplane teok up a heading and flew at 100 
knots iahSeates, at a constant altitude. 

The attacking airplane maneuvered inte a pesition from 
which it could make a run which conformed ac closely as 
possible to the etandaréd rans desired. The standard ron 
was one which was to be mde on the seme horisontal plane 
as the target airplane, initial target angle of ninety 
degrees, initiak range of two thousand yards, ani an air 
speed of 200 knots indicated. 
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ORAPTRR III 
DATA OBTAINED 

In the assesement of the films of the runs made, every fourth 
frame wos analyzed. Thie represented conditions at approximately each 
quarter secon’ throughout the tracking ron. 

At ench frame read, the location ef the reticle in elevation and 
Aeflection on the calibrated sereen was recorded in mils. By onergizing 
he Pidesing etrents in the camera before the gyro wae uncaged, the caged 
| position of the reticle was obtained (determined by the appearance of 
the flag in the film), The difference between this position and succeed 
ing positions of the reticle gave the sight prediction angles in elevatien 

) and deflection. The difference betwoon reticle and target positions at 
any particular time was the inaccuracy of the tracking line in clevation 
ana @eflection, Mo attempt was made to separate the inaccuracy into 
error and uncertainty. An inaccuracy in elevation was considered positive 
if the reticle was delow the target, and an inaccuracy in deflection was 
Gonsidered poettive if the reticle vas to the left of the target. With 
the aseessing scales used, the numbers increased from right to left and 
from the tep down. 

Yor fremes from the rear camera recording the instrument panel, 
femmes corresponding to these of the front camera vere analysed, and the 
folloving were recorded: airepecd, altitude, aecelerations, and elapsed 


"time, SLA or akid were observed. Prom the recorded date, the predic~ 


Rie tion angles and tracking inaccuracies were caloulated and plotted in 
“Appendix II. | 


“1s 
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CHAPTER IV 
RESULTS 


Figure 1 shows plote of the predicted lead angle versus time data 


obtained from differential analyzer solutions of the flight path equations 


approximating those conditions which existed for the actual tracking runs. 
Pigures 2 through 15 are plots of similar data experimentally obtained 

from the tracking runs. Figure 16 shows two plots; curves of experimental 
and theoretical solution times versus static sensitivity of the sight 
computer, and a curve of tracking line inaccurecy versus static sensitivity of 
the sight computer. 

The theoretical solution of Ps versus time gives a smooth curve 
starting from the zero or caged position of the sight reticle, and rising 
exponentially as the sight generates the proper initial lead angle. The 
slope of this curve decreases after the initial solution is reached. As 
the range decreases and the attacking plane closes in on a tail chase of 
the target plane, the curve then steepens sharply, indicating increasingly 
larger required leads. This plot of Lead angle versus time does not 
represent an actual serodynamic lead pursuit course gunfire problem for 
the following important reason. In an actual problem the static sensi- 
tivity is a variable. It is a function of present range, or of time of 
flight of the projectile from the attacking plane to the target. As the 
range decreases the time of flight decreases, which tends to make constant 
the amount of lead <a the finel stages of the run. Ags previously 
explained in this report, the static sensitivity was held constant for a 
particular run in order to simplify the investigation. Holding the static 


sensitivity constant during the run ectually made it more difficult for the 
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pilot to track perfectly and consequently increased the magnitude of the 
dynamic errors present in the latter stages of each run. 

Inspection of the experimentally obtained curves of predicted lead 
angle versus time reveal the cunsight’s solution of the fire control 
problem te be basically the same as the theoretical selution. The 
exponential part of the exoerimental curves can be clearly delineated 
in each case. After the sight has generated the initial predicted lead 
angle, the curves of predicted lead follow, in general, a sinusoidal motion 
througheut the remainder of the run. 

One of the conditions imposed on the pilot of the attacking airplane 
was that he should track the target with the sight reticle in the caged 
position for about two seconds prior to uncaging the sight. Thie imposition 
caused a marked divergence in the shapes of the curves of ie and P ad versus 
time. An inspection of the expcrimental curves of any run shows that, while 
the P a curve has a generally positive slope throughout the run, the oa 
curve has an initial positive slope that changes to a large negative one 
just after the initial solution is reached. In about the last third of the 
run the slope of on curve resumes @ generally positive value. The magnitude 
of Pie’ being measured with respect to the longitudinal axis of the attacking 
airplane, is a function of the angle of bank at any instant. Yor erample, 
with the pursuit curve kept in the horizontal plane of the target as it was 
in thie investigation, if the attacking airplane were to bank vertically during 
a run, all the lead would appear as an elevation lead angle. 

The explanation of the behavior of the Pi. curve is that when the 


pilot uneages initially, and the sight reticle moves away toward a selution, 
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he has to fly his airplane so thant the controlled line ia directed out 

ahead of the target in order to keep the reticle on the target. In 

making this maneuver, the airplene met be sharply banked. However, as 

soon as the predicted lead angle becomes relatively stable, the pilot 

mst "shallow out” the flight path slightly. In doing so he reduces 

the bank angle and hence the magnitude of the Pee’ When the predicted 

lead angle begins to increase rapidly near the end of the run, the pilot 

has to increese the angle of bank which results in oe increasing positively 


at about the same rate that P increases. 


ed 
Since tracking inaccuracies were present in all the experimental runs 
a at of their average magnitudes versus sensitivity setting has been made on 
Figure 16. The plot shows that the inaccuracy increases as sensitivity (and 
therefore predicted lead angle) increases. Thies condition probably exists 
because it is more difficult for the pilot to keep the reticle in view when 
the lead angle is large. Furthermore, the tracking line motion (reticle 
motion) is more loosely coupled te the controlled line motion for large 
predicted lead angles. 
The average magnitude of the tracking inaccuracies appearing during 
the runs was larger than e«pected. However, as it was pointed out earlier 
in this @iscussion, the static sensitivity was held constant during the run 
and this acts to increase the tracking difficulties. Furthermore, the pilot 
of the attacking plane had little previous experience with this type of 
sighting system. Experimental tests have been made using the disturbed 
type guneight to track while in shallow dives on a fixed ground target. 


Inaccuracies were found to be in the order of from one to two mils. 


“see Thesis entitled ‘Experimental Determination of Tracking Inaccuracies of 
Fixed and Disturbed Gunsights in Fixed Gun Fighter Aircraft, submitted August 24, 
1946, to MIT by Lt.Cmirs. V.P.dePoix, J.J.Hinman, H.F.Lloyd, &.W.Rawson, USN. 
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Theoretically the time required for this gunsight to generate a 
solution,after being uncaged, is approximately six tenths of its static 
sensitivity in seconds. This relation is verified on the theoretical 
curves plotted on Figure 1. From the experimental results it was estimated 
that the solution time was approximately twice the theoretical values. 
Roughness of the angular velocity inputs to the sight computer due to the 
pilot's inability to track perfectly wae probably the cause of this 
increase in solution time. While this increase appears to be undesirably 
large, the experimental curves definitely show the sight had generated a proper 
predicted lead angle even for the runs with the highest sensitivity setting 
before the runs were half completed. 

A simple change in the pilot’s procedure of making a tracking run 
would materially reduce the solution time for that run. This change would 
require the pilot to anticipate the approximate lead prior to uncaging 
his sight at the beginning of a run and to position his airplane accordingly. 
It 4s also considered this procedure would reduce the tracking inaccuracies 
throughout the run by eliminating the neceseity of the pilot having to 
track the target during the transient part of the predicted lead selution. 

No attempt has been made in this invee tigation to determine any errors 
that might enter the problem due to changes in angle of attack of the 
attacking airplane during the tracking run. These errors, if present, vena 
probably small because a study of the data taken shows a maxizum change of 
only one tenth “g” in the linear acceleration on the airplane during the 


course of this particular type run. 
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CHAPTER V 


CONCLUSIONS 


On the basis of the foregoing results, the following conclusions are 


presented: 


1. 


ies 
. 


The actual time required for a disturbed cunsight to generate 

a solution will always be ecrester than the theoretically determined 
time due to inaccuracies in tracking. 

Tracking inaccuracies and sight solution time increase with the 
sight’s static sensitivity. 

Dynamic errors will be present in any tracking run due to the 
pilot's inability to track perfectly. 

Under the conditions of this investigation the tracking 
ineecuracies and sight solution time could have been decreased 
if the attacking plane pilot had followed a procedure of antici- 
pating the approximate required lead at the begiuning of a run 


and had positioned his plane eccordingly. 
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 Gontrol line. Aotual econtrolied line postion which 


| Stadslaty mumber of sight. " 


 horisontel plane. 
| Denping onaifiatent of ekevabian o9-@e8iection oc 


 @eflection computer shaft, - 


SYMBOLS AND DEFINITIONS — 


is usually parallel to the boresight line of the air- 
plane. 


Line of sight to the target. 
Solution tine, 


Tracking ratio 


Deflection coordinate ef tne traching tat or settee 2 
on the projection screen. Measured in mile. 


Blevation coordinate of the tracking index or reticle 
on the projection screen. Meagured in mile. aie 


Deflection coordinate of the target on the proche : 
eereen. Meacured in mile. 


Hlevation coordinate of the target on the projection 
eereon. HKeasured in mile. Ke 


Zlevation or deflection component of inhsontoh 
prediction angle. 


Indicated. prediction angle, or outpat angle. 
latarenes Bemaiiksnn aaah ae: quantans A Ae : 


Spring constant of elastie Feetraint on lamtion or : 


Jaguar momentum of eyre rotor about spin artes 
Precen’ mange fron attenking skyplane Ve sangehs 


dagle of attack of abtesking airplane or mteetla with on 
respect to the herizental.— aN 


Target angle. Angle measured from present line of — pe i 
sight extended lianmitaties sal classe sialic Be 


Target velocity measured in knots, 
Attacking airplane velocity measured in kote. 


Yon) (e or a) 
“(Cade 
"se or 4) 


Lt : 
(09), 


55 (wP) (eo or 4) 
S(up)on(e or 4) 
Sc) (e or a) 
5s aP)(e or 4) 


Aste or 4) 


“or 


*(a0)(e or 4) 


Naa)te or 4) 


Mlevation or deflection component of angular velocity 
of controlled line. 


Angular velocity of computer case about controlled 
line. 


Blevation or deflection component of angular velocity 
input to gyre element. 


Oroes roll component of angular veloci om to 
gyro element (same as Won in Appendix I 


Methaniem characteristic time. 


| Angular velocity~prediction angle sensitivity of 


elevation or deflection prediction systen. 


Angular velocity~prediction angle sensitivity of 
deflection or elevation prediction system due to 
eress roll. 


Angular velocity~prediction angle rate seneitivity 
of elevation or deflection prediction systen. 


Sensitivity of elevation or deflection indicating 
system with nr shaft angle input and prediction 
angle output. 


Elevation or deflection computer shaft angular die 
‘placement from reference position, 


| Atigalar displacement of crose roll computer shaft. 


| Blevation er deflection plckeff voltege proportional 
Fete tap displacement of elevation or deflection 


. 


Cross roll pickeff excitation current proportional 


te elevation or deflection pickeff voltage. 


eh Elastic restraint excitation current, 
Sensitivity period ratio 


inaccuracy in tracking line position. 


_ Prescure output from pitet static head, 
= Mpa tention 9f strntene, 


| ape of 248 exe of abian, 


BIBLIOGRAPET 


ae) Sight for the Control of Gunfire for Pixed Guna, Recketfire, and 
from Aircraft, Yol. 1. Prepared by the Inetrumentation 
Laboratory of the Massachusetts Institute of Technology, 


 Detakled Theory and Computations for the inl Sight for the Gontrel of | 


Pilot's Handbook for Navy Models F7F*28 and F6F-S Airplanes, Published 
unler joint authority of the Commanding General Army Air Air Forces and 
the Chief of the Burean of Aeronautics. 


Brection and Naintenanse Mamial for avy Models F7P+2u ant F6Rs 
Published unfer joint authority of the Commanding General Aray Air Fores 
Ont SOR Rabel ne She Pere Revenenahahe 


Instructions for Operating 26 am, Gua Camera Type AN-S-6A, Published ” 
the Bell ani Howell Company. ea 


Instruction Manual P44 on Motion Pag ished by 
the Navy School of Photography, HAS ware hoterey. Mbit i 


Iontrottons for Operation aod Wadntonance of Dell ant Swell 18 ma, ; 
Renin Eietane SENET Spe Tee 


APPENDIX I 
CALIBRATION AND INSTALLATION PROCEDURE FOLLOWED IN THE ASSESSMENT OF A 


THREE GYRO LEAD COMPUTING SIGHT DESIGNED EXPRESSLY FOR TEST IN THE FOF 
NAVY FIGHTER AIRCRAPT 


PREFACE 


The calibration procedure and data contained herein constitute 
work done on a thesis which was concerned with an investigation of 
various properties of a gyroscopic lead computing sighting systen, 
using the disturbed line of sight principle. Work on this thesis 
was terminated when the aircraft in which the equipment was inetalled 
crashed, However, since the sighting system performed so well that 
a similar aystem will es built in the near future, the procedure and 
data are published for reference. 

The sight with its component parte was designed and manufactured 
by the Massachusetts Institute of Technology Instrumentation Laboratory 
for this thesis. Its design closely follows that of the A~1 sight 
developed by that leboratory for the Army Air Forces. Some of the 
modifications made on the Awl sight for this investigation were: 

1. The installation of a third gyro for the purpose 
of checking the effects of cross roll on the computing 
probvlen. 

2. Components which correct for gravity drop and linear 
acceleration were omitted. 

3. Air density correction unit was omitted. 

4, Present range input was omitted. 

6. Certain other components, required when the sight is 
to be used as a bomd or rocket sight, were omitted. 


These modifications of the Dante stent vere made Guring 4 Con 
in order to simplify its mannfacture. Since the object of the inves 
tien of this type of lead computing sight was, in brief, ad determine 
qualitatively its practicability as a sighting system and as an tater G f 
ception course computer, the exact solution of the air to air gunfire 


as 2, 3, 4, and & above were omitted, 


LIST OF LABORATORY EQUIPMENT USED IN THE BEWCH CALIBRATION OF THE SIGHT 


1. Blectrically driven, variable speed turntable, 

2. Stop watch, scales, and mirror. 

3. ammeter for measurement of current in the sight’s stiffness 
motors. 

4. A suitably mounted epherical eegment with deflection and 
elevation marke inscribed. 

5, Mounting base for the computer case inclined 30 degrees to 
the horizontal for mounting the computer case on the turntable. 

6. Oscillating table to provide sinusoidal motion to computer case. 

7. 28 volt d-c supply. 
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CALIBRATION AND INSTALLATION PROCEDURE FOLLOWED IM THE ASSESSMENT OF A 
THREE GYRO LEAD COMPUTING SIGHT DESIGNED EXPRESSLY FOR PSST IN THE FGF 
WAVY FIGHTER AIRCRAFT 


I. ARRANGEMENT OF THE COMPONENT PARTS OF THE SIGHTING SYSTEM FOR 

LABORATORY CALIBRATION 

The input signal to the computer case is an angular velocity of 
the airplane about the roll and pitch axes. To sinmlate these inputs, 
the computer case was rigidly attached te a wooden frame which in turn 
was mounted rigidly to an electrically driven, variable speed turntable. 
In order to obtain inputs about either the elevation or deflection axes 
without tipping the computer 90 degrees away from the vertical, the 
wooden frame wae built so that the actual angle between the plane of 
rotation of the turntable and the elevation input axis was 30 degrees. 
Therefore, the actual input angular velocity was not that of the turn- 
table, but the turntable angular rate mitiplied by the sine of 30 
degrees for the elevation unit, and by the cosine of 20 degrees for the 
deflection unit. In order to avoid confusion between the elevation and 
deflection systems when making angular measurements, the computer , 
system not in use was made inoperative by deenergiting ite gyro. In 
edition, the cross roll computer eystem’s electrical connections to 
the sight head mirror servos were disconnected by meane of a switch on 
the pilot's control box, except during the calibration of the cross roll 
systen. 

The sight head was clamped to a rigid stand in a position to 
permit the sight’s tracking index to be reflected, by means of « mirror 
attached to the sight head's reflecting glase, onto the spherical seg- 
ment having elevation and deflection scribe marks. It was necessary to 


properly orient the spherical segment so that ite scale of elevation | 
and deflection marks actually denoted mils angular movement of the 
tracking index. The remaining eight components were located nearby __ 


eo as to be easily accessible for adjustment. 


II. CALIBRATION OF THE ELEVATION PREDICTION ANGLN COMPUTING SYST == 


a. STATIC SENSITIVITY 5(WP)e 


The static sensitivity depends on the magnitude of current flew | 
in the stiffness motors on the elevation, deflection, and cross roll — a 
computer shafts. In this sighting system, the obacktistte of doth the e 
elevation and deflection computers ie controlled by means of a ewiteh ¢ a 
on the pilet’s contrel box. This switch has ten detented positions = 
for regulating the uittenes motor cueredia. and the purpose of this 2 ze 
calibration was to adjust the current at each position to obtain a . i 
range of sensitivities from ae te five seconds, in ten epprexinately 4 


equal increments. 


With the sight energised and in operating condition, but vith My a 
the deflection gyro disconnected and the cross roll circuit turned oft, 
the 8 p(wp)e aS determined im the following manner. ) "I ? 

An angular velocity input was applied to the computer case and r ‘ 
the elevation prediction angle generated on the ‘spherical segment : i 
corresponding to this input was noted. Data was recorded for each run 
as follows: angular velocity input, elevation prediction angle, consio 
tivity setting, and stiffness motor current. UGnegugh runs were made to ‘e 
cover adequately the range of elevation prediction angles from sero te a 
plus ant minus 260 mils. 
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A plot of prediction angle versus angular velocity input about the 
elevation axis for each sensitivity setting gave a series of points 
through which a straight line was drawn. The slopes of these lines are 


the § values for the various sensitivity settings. Stiffness motor 


p(¥P)e 
current was afijusted in each Gase until the proper slopes were obtained. 
Adjastzent of maximum sensitivity to a specified value was made 
by altering the amount of stiffness motor current through the elevation 
stiffness motor. In this calibration, sensitivity setting number 1 
corresponded to a maximam sensitivity, and was adjusted to five seconis 
by means of a potentiometer in the elevation sensitivity control aspli- 
fier circuit marked “L” in Figure 2. The adjustment of the sensitivity 
current for any particular setting of the control switch affected the other 
sensitivities, and it was necessary to recheck all positions as changes 
were made. The final plot of prediction angle versus input angular 
velocity appears in Figure 3, wal the slopes of these lines were then 
taken and plotted against sensitivity setting, and are shown in Figure 4, 
>. STABILITY NUMBER (SN) 
The next step in the calibration procedure was to adjust the 
damper fluid temperature to yield a stability number of 0.2 for the 
elevation computing system. Stadility number is a function of gyro 
wheel speed and of damping on the computer shaft. The gyros were run 
by induction motores at a constant speed determined by the speed of 
the inverter. Thue, with constant gyro wheel speed, stadility mumber 
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by a rheostat in the damper heater circuit, and a 12°F change e %: a a 


a sight elevation ohange of 300 mile requlting from a known panda. 


Sndbabity Of Wen. Henth: tn anth sémoeeen ees damper | was ae 


heater temperature produced a 15 peroent change in viscosity. 


The method of setting stability number coneista of determining — 
the elevation computer eystem’s angular velocity cinch ~ rate of change 
of prediction angle output ratio, § ¢2).. with the stiffness motor ee 
excitation current turned off. Knowing this value, the stability — 


mamber can be determined from the relationship 


(su) = -1 


5 (uP) e 


The average rate of change of ovekiatinn angle was determined ry tinting 


velocity input to the elevation computer syston, 

As a means of determining stability number rapthly a series of | 
graphs vere plotted, Figures 5 and 6 for elevation and Figure 7 for 
deflection. These graphs are a plot of time for the tracking index 
to travel 200 mils versus input angular rate, and the ocatien 2 for the | 
lines is derived as follows: — 
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angular velocity inputs in Figure 8. Final damper temperature setting — 


another which was l/e, or 3? percent of the first reading. Data vas- 


In the above formia W y t* the actual input angular velocity in bas 
per second. This is obtained from turntable angular velocity ww mul ; 
tiplying the latter by the sine of 20 degrees for this case, and by 
the cosine of 30 degrees for the deflection system. However, the ’ 
turntable angular rate is the parameter listed on the curves to factli= 
tate the laboratory calibration. Thus, if time, t, is sakes for a a 
particular traverse of 300 mile using a given value of turatedle 
velocity, the stability number can be read directly from the graph. 


The stability numbers thus obtained are plotted for the various 


wae 189°F for the elevation commter. 

C. MECHANISM CHARACTERISTIC TIME (CT) 

fhe mechanism charecteristic time for the elevation conpater 
system was determined in the following manner. With the oaee at rest, 3 
and only the elevation gyro energized, the elevation compater chaft : ‘a 
was deflected manually in order to generate an elevation prediction a 
angle of approximately 150 mils. Using a stop watch, the time inte val 
was determined between a particular elevation prediction angle ant 


taken using both elevation ani depression angles, and at as many ny: 
settings of the sensitivity control switch as it wae possible to time ‘ 
the tracking index accurately. Due to the inherent inaecuracies ae 4 
this type of measurement, several readings were taken at each sensi tivit . 
setting, and their average assumed to be the correct (07)... The value aa 


of mechanism characteristic time thus determined are plotted in tine 
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d. COMBOX OF CALIBRATION 

The sensitivity and the atabdility mumber of the elevation computer 
having been set as described in sections a. and db. above, and the mechanism 
characteristic time reconieds the overall calibration may be checked from 


the forma , 


(sn) = 42Ds .4 
. 5, (wP) 


The stability number thus determined should agree with the etability 
munber as set in bd. The plot of (SH) from the above forma is shown 


ze ? in Pigure 10, Since (0T)m and 8 4p) are very nearly equal in magnitude, 

‘ and het ratio is ily slightly different from unity, which is sub- ; 
i tracted from the’ ratio to give the stability number, only a coarse | ; 
ee agreement of stability numbers can be expected. . 


III. CALIBRATION GF THE DEFLECTION SYSTRX 
a. DEFLEOCION STATIC SENSITIVITY ~ 8 (yy, 


/ 
* 


A ~ me: oat BA: 
a, oe 


For the purposes of this invertigation the 5 (wP)4 wae made as | as 
‘early ae possible the sane value as the § (yp), for the various sensitim ay 
‘Aty control settings. In order to accomplich thie two current adjust- | ae 
| ments had to be made so that the current flow through the elevation ’ 2 
-—_ethffness motor was not affected by the adjustment of the potentionster - 
-— geroge the deflection-cotle. In Figure: 2," the conres af justnent Ey 
was made on the deflection stiffness notor potentiometer marked mye to ae 
bring the Sitch “p near ate required sensitivity. Then the current ee 

through the complete ctiffness motor circuit was readjusted by the gin 

control marked "K" so that the current through the elevation stiffness S eg 
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7 oot) was tte previous value, A qalek eheok of § p(wP)e o> a7 - ‘yf 
Mee the sensitivity control settings could verify this edjustment. Mot 


“the ‘poetiten for ‘io. ses “ tests, the turntable angular velocity was 
| modified by the cosine of the tilt of the mounting frame (20 degrees) 


es te fad the actual input angular velocity about the deflection aris. 
| Data of Pa, versus input angular velocity is plotted in Figure ll. 
* he Sur) é ie represented by the slope of the line connecting points 
: _ thus determined for any pertioular sensitivity setting on the control 
2 ae ‘Phese valuce of & p(¥P) a ore are plotted ageinst sensitivity setting 
Nag! Pigure 4, which aleo shows tas) °’ for comparison. 

‘>. STABILITY NUMBER (SH) 

The (SW) for the deflection system wae set at 0.20, which was the 
same velue 2s set on the elevation systex. This calibration was made 


"in the same manner ae explained in the previous section. : ae ee 


: ia 5 Figare 6. 

_@, ‘MBORANISH OHARACTERISTIC TIME (CT)m : 
Wg Mechaniem characteristic time wae determined, ae desoribed ip 
part 2, section q, and is plotted in Figure 7. . 
a. CRnoK OF CALEBRABTOR fhe al 
| A cheek on the overall calibration of the deflection systen ty 
bikie SH from the formla Wee 


$e. = Ale. - i 
va Sra 
7 esa and the results are shown in Figure 8. 
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IV. CALIBRATION OF THE CROSS ROLL SYSTEM 
‘The eealidration of the sight’s cross roll correction system was 
divided inte two steps: first, the adjustment the static sensitivity, 


designated as Sp(wp)ar, * of that component of the croas roll system 


whieh corrects the deflection prediction angle for crose roll effects, 


and sebend, the adjustment of the static sensitivity, designated as 
Sp(wP)oR, ' of that component of the cross roll system which corrects 
the elevation prediction angle for eross roll effects. 

The computer case was set up as in the previous calibration with 
the angular velocity of the turntable, modified by the angle of tilt 
of the mounting frame, supplyiag an input to the cross roll computer 
eystem. Inspection of the functional diagram picturing the effect of 
the erose roll system on Pays Pigure 12 , showe the inputs desired for 
the calibration and the factors which are included in the resulting 
sewbontSen. W er “28 eupplied by the rotation of the tilted computer 
case. A constant elevation prediction angle, Pa. was obtained by 
deenergizing the elevation computer's gyro and rotating the elevation 


computer shaft a measured amount and restraining it in that position 


during the run. The deflection computer's gyro was deenergized so that 


it made no contribution to the deflection prediction angle. Hence the 
deflection prediction angle generated was the product of the present Pa. 
the gain (,) of the deflection eross roll amplifier, and the angular 
velocity input (W..) to the cress roll computer shaft. 

With the setup as described above, runs were made and the following 


: data taken: Vert (turntable speed corrected for mounting frame tilt), 


Paoy Pest the elevation computer system sensitivity setting, and 


deflection cross roll sensitivity setting. 
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From the data, a plot of Pe, vergus the product of cross roll 
angular velocity (W ‘i and the elevation sight prediction angle was 
mafe. Bee Pigure 13. The slope of this curve plotted represents 
the deflection cross roll sensitivity (8 (we)or,]° If written in 


equation form, 
P 


Sp(wP)eR, 6 Wor Be 
In order to have enough points on the plot to give a representative 

curve the runs were made with Ps, value from 50 to 200 mile and with 
S(WP)e settings from a minimum to a mexioum of 5 seconde. The cross 
roll sensitivity control unit was designed to give a cheice of four 
sensitivities. As specified these sensitivities were to vary in equal 
multiples from 1/4, 1/2, 3/4, and 1 of the product of the elevation or 
deflection sensitivities and the sum (1 + SH). With the maximum cross 


roll sensitivity setting used the S p(wP)oR, was adjusted to its proper 


“value by sdjusting the gain (k,) of the deflection cross roll amplifier. 


To adjust the cross roll sensitivity settings at 3/4, 1/2, and 1/4, the 
maximum value, an ohmeter was used to calibrate the settings of the 
variable cathode resistors of the 6SN7 tube in the deflection cross 
roll amplifier employed es gain controllers. The cathode resictence 
for a certain setting was a6 Justed s0 as to be in propertiont the 


 ‘Tesictance for maximum sensitivity ae the sensitivity for that setting 


was in proportion to the maximum sensitivity. These resistors are 
labelied "7," “S," “R.” “FP,” "Q.* and “O" in Figure 15, the 
electrical wiring diagram of the sight system. 

Calibration procedure for the elevation cross roll sensitivity was 


 eontucted fn o similar manner to the preeedure deseribed above. Figure 14 
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shows Ps, versus (Pe,)(W.). Figure 15 ie @ plot of the results of 
these calibrations and shows the cross roll sensitivities obtained as 
a function of the sensitivity setting on the control box. 

The cress roll mechaniem characteristic time was set equal to the 
elevation and deflection system (CT)m indirectly while checking the 
response of the cross roll computer system to a sinusoidal input motion, 
This procedure is described in the next section wherein, from the 
results, the (SN) was determined and adjusted to the specified value 
by varying the temperature of the damper fluid in the damper unit on 
the cross roll computer shaft. 


¥. CHECK OF THE SIGHT’S DYNAMIC PERFORMANCE TO A SINUSOIDAL FORCING MOTION 
In order to evaluate the dynamic performance of the lead~computing 

sight, the sight computer case was subjected to a simusoidal motion, the 

amplitude and frequency of which was known. The motion of the sight 

reticle was measured with respect to the amplitude and phase of the 

forcing motion. The results were determined as a ratio of the amplitude 

ef the response to the amplitude of the forcing motion at sero forcing 

frequency, and a phase angle of the response, with respect te the forcing 

motion which was given a negative sign when the output leads the input. 
Bquipment used to produce a sinusoidal forcing motion consisted 

of a flat table oscillating about a vertical axis and driven by « 

variable speed electric motor through a rotating shaft ~ rocker arm 

arrangement. The computer case was mounted rigidly on the oscillating 

table utilizing the tilted mounting frame described im the previous sections. 


13 


i et ae 


| table through an electrical contactor which made contact once each cyele 


ts 


‘by means of a neon light fired in synchronism with motion of the oscillat 


Mounting the case in this fashion permitted checking the stovation, : : ees 
deflection, and crose roll systems without heving to shift the computer i 
case between runs. . 

fo set and measure the amplitude of the forcing motion a deam of x 
light was projected a measured distance from the oscillating table onto aa 
a stationary background, The distance wae great enough to allow com 
puting the amplitude of angular motion by dividing the distance from 
the center of oscillation to the light «pet on the wall background by ! 
the distance through which the light spot travelled when the oscillation — 
table was slowly moved through one-half cycle. 7 

The sight head was mounted so as te allow an observer to watch the 2 
sight reticle move with respect to a stationary background a known 
distance away from the mirror in the sight. When the distance the 
reticle appears to move on the wall is observed and meneured, the 
motion of the sight reticle would be determined and compared to the 4 
amplitude forced on the computer case. 

To determine the phase relation, the sight reticle was a 


of the table’g motion. Tims after marking the reticle position on the i a 
wall for a very slow (sero) input motion, the phaee shift for any fre 
quency could be determined by shifting the illuminating contactor 
until the reticle flached on at its position fer sero input motion. 
angle of shift was read from a protracter scale on the illuminating " 
Ag in the calibration of the elevation and deflection system — : 
tivities, the input motion was modified by the angle of tilt of the com 


he 


cat ¢ 


pater ease mounting frane. 
14 


To evaluate the elevation and deflection systems’ dynamic performance, 
their amplitude and phase response were measured for various frequencies 
from near sero to about 1.3 cycles per second. The amplitude response 
ratio and the phase shift angle were plotted as functions of the sensi-~ 
tivity-period ratio. The static sensitivity had been determined pre- 
viously for the particular sensitivity control setting used, and the 
period is the reciprocal ef the oscillation frequency in cycles per 
second. These plots are shown in Figures 16 and 17. Included on 
these plots are curves determined by theoretical calculation as civen 
in a reference’. As can be seen, the dynamic response of a sight 
Gepenie on the stability number of ite computer eystem. Therefore, in 
comparison with the theoretical values plotted on Pigures XVI-9 and 
XVI-17 of the reference” this test could be used to substantiate the 
(SH) setting on the computer systems. 

The final check to be made on the oscillating table was to get the 
reeponse of the cross roll computing system. To do thie the elevation 
gyro wheel was deenergized and its computer shaft deflected and restrained 
at an angle to produce an elevation prediction angle which was measured. 
fhe deflection computer system was made inoperative by deenergizing its 
gyro. The cross roll sensitivity control was set to a value of 
Sp(wP)cn, previously determined. Now with the computer case oriented 

on its tilted mounting frame so that the cross roll gyro received a 
| component of the sinusoidal input motion, the amplitude and phase 


* Detailed Theory and Computations for the A-1 Sight for the Control of 
Gunfire from Fixed Guns, Rocket Fire, and Bombing from Aircraft. Yol. 
Il, Appendix XVI, Sections L and P, prepared by the Instrument Labora- 
tery of the Massachusetts Institute of Technology. 
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relationship of the deflection prediction angle produced by the orose e 
roll was measured and the data used te compare with the theoretical 


calculation as in the case of the elevation and prediction systems. Seo 
Pigures 16 and 17. 3 

This method of checking the eroes roll compating system provided a 
convenient means for adjusting the (SH) of the cross roll system tom = 
specified value, since the (S¥) is a parameter affecting the positioning bY 
of the curves of Figures 16 and 17 (simsoidel response curves). Phe (SH) 
‘was adjusted as before by adjusting the temperature of the damper fluid 
in the damping case on the cross roll commter shaft. | 


VI. CAMERA IVSTALLATION 

Two GSAP (gun eight aiming point) cameras, AN~GA, were installed 
in the FGF for recording dsta during each run. One camera, attached = 
to the sight head, motnareenes the tracking index and the target nent 
the other, focused on the instrament panel, photographed the felloving 
instruments: step watch, airspeed meter, altimeter, turn and bank : 
indicator, artificial horizon, directional gyro, and acceleroneter. 

Seacieah wn, the ehandestl GUM lnaeie As srevidel ohik a HET . 
fous lens, focused at infinity, it ves neceseary te adapt another lens — 
to the camera photographing the instrument panel. The lens used was 
the Kodak Astignat, 2.7, 15 mm, which permitted focusing on the inetro~ _ 
ment panel 20.5 inches distant. No mofidication of the camera frame a 
was necessary; a suitable adapter was manufactured to fit in the lens . 
socket for the fixed=focus lens, and was held in place by a set screw. [ne 
The edjustable lens was then placed in the adapter. | 
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To locate this camera so that it would photograph the desired instro- 
ments, it was necessary to mount it in a position just above the left 
shoulder of the pilot. To do this, the catapult headrest and armor 
plate were removed, and a suitable bracket for holding the camera was 
secured to the after bulkhead of the cockpit. Although this arrange- 
ment placed the camera and bracket quite close to the pilot's head, it 
was accepted since it obviated the construction and installation ef a 
separate inetrument theatre in the fuselage of the plane. 

The external wiring diagram for the camera circuit is shown in 
Figure 18. The operation of the camera is as follows: 

1. Close battery ewitch, master armament switch, and camera ewitch. 

2. Olese gun switch on control stick starting camera, 

3, Close coding and gyro caging switches simultaneously at the 

start of the firing run. 

Closing the coding switch actuates a emall flag inside each camera 
in the field of the film and permits synchronisation of the two films. 
When the coding ewitch is opened prior to releasing the gun switch on 
the control etick, the film is again coded by the flags. At any inter- 
vening time the pilot can flick the coding switch to obtain additional 
time checks. This coding feature was incorporated in order to make the 
evaluation of the film easier, since it was a means of positively 
establishing identical time intervals nt Vie two films. 

The above separate coding feature necessitated a modification of 
the stunbors internal wiring cirouit of the GSAP camera. The modified 
circuit is shown in Figure 19. With the standard circuit, the camere 
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the gun switch is opened, and the film is coded ais at the vogtnatne i 
and end of each run. However, with the modified circuit, additional : 
coding may be obtained through the use of a separate switeh. The 
change within the camera case is to disconnect the lead to the overrun ae 

magnet from terminal No. 2, standard circuit, and connect this lead to cr 
terminal No. 4, modified cireuit. This modified internal circuit, aa 
together with the external operating circuit, permits simltaneous 
uneaging of the gyro and coding of the film, and any additional 


synchronization coding desired. 


VII. INSTALLATION OF THE THREE-GYRO COMPUTING GUNSIGHT'S COMPONENTS = 
IN THE MODEL 767 NAVY AIRCRAFT £ 


a. SIGHT HEAD 3 

The sight head, specially designed fer thie project, was mounted — 
in the normal gunsight position. A sight mounting bracket was made, : & | 
and was secured by four belte to that part of the airplane‘’s a 
which normally supporte the sight. To prevent any vibration of the ‘ 
sight head, additional supports were employed. These scale consist 
of two rigid steel straps ranning from the sides of the sight to 
windshield frame directly above. ae 

The sight reticle caging switch, to be operated by the pilot's 4 
left hand, was mounted on the cockpit sill just over the throttle on | % | 
switch box which also contained the gun camera's coding switch. 

bd. PILOT'S CONTROL BOX | 

The pilot's contre] box with its master awitch, damper hentenn. | 


and indicator lights, and sensitivity control ewitches, was shock 
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over the right rudder bar under the pilot's instrument panel by means of 
two clamps secured to the rudder bar and one bolt attaching to the fire- 
wall at the rear of the control box. 

©. COMPUTER CASH: SERVO AMPLIFIUR, DYWAMOTOR, AND INVERTER UNITS 


The computer case, servo amplifier, dynamoter, and inverter unite 


\ 


were installed in the fuselage of the airplane behind and below the 
pilot’s cockpit. They were mounted on bases previously occupied by 
night-fighting radar equipment, whieh was removed from the airplanes 
in order to accommodate the gunsight’s equipment. Rlectrical power 
for the sight aystem was obtained from the junction bex which contains 
a fitting for supplying power to the airplane’s electrical system from 
an external source. 

&. GUNSIGH? CAMERA REFFRENCE MARKER 

A gunsight Camera reference marker, which consisted of a steel 
red with a beaded tip, was mounted ahead of the windshield on the 
fuselage at a position just aft of the engine nacelle. The purpose of 
this marker was to provide a reference point in the assessment camera 
f11m from which lead angles could be determined. 
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All figures are plots of predicted lead angles as a function 
of time. 
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